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© Precious metal catalysts for emissions. 

© Three-way precious metal catalysts used for treatment of automobile exhaust gas or gas emissions fron 
stationary combustion sources, are enhanced by using an oxygen-ion conducting material such as yttria 
stabilized-zirconia (YSZ) as the support material. Support material surface area is 20-300 m 2 /gm, and usefU 
concentrations of yttria on zirconia support are 1.0-50 wt.%. Useful concentrations of platinum or palladium 01 
the support material is 0.01-2 wt.%, and the weight ratio of rhodium/platinum or rhodium/palladium is 0.01 ;0.1 
YSZ-supported catalysts can achieve a substantially higher level of pollutants (CO. NO x , H 2 and hydrocarbons 
removal, without requiring increased loading of expensive precious active metals on the support material. > 
further development enhances chemical activity and thermal stability by utilizing a composite oxygen-ioi 
conducting support material composed of zirconia stabilized by yttria, calcia, magnesia or scandia, and at leas 
40 wt.% inert support material such as alumina or titania. The catalysts can be supported by composites 0 
yttria-stabilized-zirconia (YSZ) and alumina, and contain 0.01-3.0 wt.% total active metals, which may consist 0 
major metals platinum or palladium and minor metals rhodium or ruthenium dispersed on the support. 
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This ,nvent,on pertains to a three-way supported catalyst for the treatment of gas emissions from mobile 
or stationary sources. A particular, though not exclusive, application of the invention is to treatment of gas 
em.ss.ons from fuel combustion sources. It will be shown how the invention may be employed for 
simultaneous oxidation of carbon monoxide, hydrogen and hydrocarbon compounds and reduction of 
5 nitrogen oxides present in gas emissions from mobile or stationary fuel combustion sources, such as 
automotive exhaust gases or power plant gas emissions. 

Supported metal catalysts are widely used for oxidation and reduction of pollutants present in gas 
exhausts or emissions from mobile or stationary internal combustion power generation sources. One 
approach to solving this gas emission problem by simultaneous oxidation of carbon monoxide and 
io hydrocanoons and reduction of NOx compounds in exhaust gases is passing such gases through a single 

l^H- ^K, C ° n r rter - THe Cate,ySt used in ,he converter typically consists of platinum (R), 

rhodium (Rh) and sometimes palladium (Pd) deposited on a conventional -y-alumina (AfeQ,) support 
material, which may be in either pellet or a monolithic form. 

The existing precious metal catalysts for treatment of automotive exhaust gases typically uses alumina 
75 and sometimes cena-stabilized ^-alumina or lanthanum oxide-stabilized ^-alumina as a support material It 
is believed that the addition of ceria may promote the performance of the three-way catalyst by facilitating 

su e 0 n W nrt T bV aCti " 9 35 an ° Xy9en St ° rage unit ' and ^ stabi,izi "9 tne 9amma-alumina 

Z™° > 9 f '? S ° f SUrfa ° e area - But none ° f the known cata, y st su PP ort « ^ed for automobile exhaust 
gases treatment have provided any oxygen-ion conducting property. We have now found that use of an 
20 oxygen-ion conducting catalyst support material greatly improved the pollutant removal capability of 
previous metal catalysts without the need for increase in the catalyst active precious metal content, which 
makes the catalyst too costly. 

This invention enables us to provide a highly active three-way precious metal catalyst having an 
oxygen-ion conducting support material and which is useful for effective removal of pollutants present in 

25 combust,on gas em.ssions from mobrte and stationary fuel combustion sources, such as from automobile 
engine exhaust gases. A three-way catalyst is one that provides three material surfaces consisting of two 
active metals and an oxygen-ion conducting support material for oxidation reactions with a pollutant gas 
particularly a gas containing carbon monoxide, hydrogen and hydrocarbon compounds ' 

™ rh J" °" e "TH ° f * hiS invention tne c^'y 81 contains two active precious metals such as platinum and 
i!hZ„° r ^ ,,ad,u ™ and modium dispersed on an oxygen-ion conducting support material, such as yttria- 
stab, hzed-arcon* <YSZ). If desired, the addition of cerium oxide or lanthanum oxide can also be used as a 

S5«r»L l ^n U ^ 0rt m -^ erial ' The SUPP ° rt material haS 3 Surface area of at ,east abou t 20 m2/gm. and 
preferably 40-300 m^/grn. The concentration of yttria (Y 2 0 3 ) on yttria-stabilized zirconia (YSZ) used as the 

,< AH^ m T ^ be in the ran9e ° f 10 to 50 Wt % ' and is P f oferably 6-20 wt.% of the support material. 

V k V ' a J; on T vant,ona, su PP° rt materi al such as 7 -alumina coated with yttria-stabilized-zirconia (YSZ) 
un^S h MT,T a,i ° n ° f y*™-**™™* zirc °nia (YSZ) used as a coating on the conventional 
support material should be at least 0.1 wt.%. and is preferably 5-80 wt.% of the support material 

t~K • Ce f 63 SUPPOrt material of y^a-stabilized-zirconia (YSZ) can be prepared by a sol-gel 

40 ^rS^irr 9 ° f th8 e ' ementS ' ° r bY 3 mic 'oemulsion techniques using aqueous solutions of 

22 ■ t" d amm ° n,um sa,ts " Platinum or P a,ladium a c«ve metal concentrations on the support 

matenal may vary between 0.01 to 2.0 wt.% of the catalyst. The rhodium/platinum (Rh/Pt) weight raflo or 

S ™J t r (Rh ^ W8i9ht rati ° m3y Vary b * WBen 0 01 to 01 • 80 a * to provide an active metate 
deLrj V£T%£ t0 22 Wt% - ^ 3CtiVe meta ' S P ' atinum - paMadium and rnodium can be 
4s St ^ ?, f UPP ° rt materia ' SUrfaCe by USi " 9 3 known agueous impregnation procedure. Useful 

honeycomb ^ctures " "** ^ ^ mOMc molded sha P es ' such a * 

af .r.^ CaU f °J * e " Se ° f an oxy 9 en - ion conducting support material in a three-way precious metal catalyst 
hS^Ti! mention, the catalyst is much more active towards simultaneous oxidation of CO, H 2 and 
so Sfm'S ? nS> ^ reduCtion of N °x tnan known catalysts utilizing conventional support materia, such as y- 
JlSL C3talySt materia ' C3n advanta 9eously achieve a substantially higher level of 

poHutants removal from automobile exhaust gases, or from gas emissions from stationary fuel combustion 

Tt*?nnl CeS *?° Ut reqUirin9 an undesirable increase in the concentration or loading of active precious 
f?™ JT t Y f SUPPOrt materiaK ThiS irn P roved catalyst is useful for removal of known pollutants 
55 JZnT^ 9 f 65 ° m Vari ° US ,Ue ' combustion Processes, such as gas emission and pollutants from 
™n , , e ? 9 ' neS " mClUdin9 9aSO ' ine 3nd diesel autom °tive engines and gas turbines. Such gas 

EJftJtlT ° CC t Ur i , ; om Sta « onary fue ' combustion in power plants and from waste incineration installa- 
mTt». . T ^° combustion of chemical effluents. Catalytic action using this three-way precious 
metal catalyst matenal on exhaust gases results in converting the pollutant compounds to essentially CO* 
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N2 and water vapor. 

The practice of the aspect of the invention discussed above will now be further described and will 
include reference to Examples 1-3 given below. 

Supported active metal catalysts are widely used for various oxidation reactions, with the catalysts used 

5 for automotive engine exhaust gas after-treatment being a prime example. When known inert materials such 
as silica or alumina are used as catalyst supports, the oxidation reactions proceed only on the surface of 
the active metals or multimetallic crystallites, and these reactions can proceed on the active metal surface 
even in the absence of the support. However, it has now been unexpectedly found that when one utilizes as 
a catalyst support material metal oxides exhibiting appreciable oxygen-ion mobilities at the gas reaction 

10 temperatures, for example, oxygen-ion conducting electrolytes such as yttria-stabilized-zirconia (YSZ) as 
supports, two additional pathways for producing effective catalytic oxidation reactions with exhaust gas 
pollutants are advantageously made possible. 

As a first pathway, the oxidation reactions can occur on the surface of the oxygen-ion conducting 
support material even in the absence of the active metal crystallites. The reaction rate is usually small when 

15 compared to reactions on the active metal surface at the reaction temperatures of interest in combustion 
exhaust gas after-treatment processes. 

The second pathway for oxidation reactions, which can be referred to as interfacial oxidation, involves 
oxygen transfer at the three-phase interface between the metal crystallites, the support material and the gas 
phase. If the rates of the interfacial oxygen transfer reactions are comparable to the rates of the 

70 heterogeneous oxidation reaction occurring on the metal crystallites, then the catalyst active metal 
dispersed on the oxygen-ion conducting support would exhibit an appreciably larger activity towards the 
oxidation reaction than does the same catalyst active metal dispersed on an inert support material. For the 
same amount of active metal loading in a catalyst, the smaller the crystallite size the larger will be the 
surface area for interfacial oxidation reactions. 

6 Catalyst Preparation Method: The high surface area oxygen-ion conducting yttria-stabilized-zirconia 
(YSZ) support materials can be prepared by either a sol-gel technique using alkoxides of the elements, or 
by a microemulsion technique using salt solutions. Useful concentration of yttria (Y 2 0 3 ) on zirconia support 
can be within the range of 1 to 50 wt.%, and is preferably 6-20 wt.% of the support. Use of YSZ-coated 
support material such as -y-alumina can serve the same purpose. High surface area supports of YSZ-coated 

30 y-alumina can be prepared by microemulsion technique using solutions of yttrium, zirconium, aluminum, 
and ammonium salts. Surface area of the support material may vary between 20 to 300 m 2 /gm. Active 
metals such as platinum (Pt) and rhodium (Rh) can be deposited on the YSZ support surface by usual 
impregnation procedure using aqueous solutions of hydrochloroplatinic acid and rhodium chloride. The 
prepared catalyst is reduced by contact with hydrogen and then calcined. To prepare a commerce 

35 catalytic converter for automobile internal combustion engine exhaust gas treatment, a ceramic honey-comb 
support structure can be coated with YSZ-support material, which in turn can be deposited with active 
precious metals such as platinum (Pt), and rhodium (Rh) or palladium (Pd) and rhodium (Rd) in overall 01 
total concentration of 0.01 to 2.2 wt.% of the catalyst. 

The practice of the invention will be further described by the following examples, which present the 

40 catalyst composition and reaction conditions used and pollutant conversion data results obtained, and 
should not be construed as limiting the scope of this invention. 

Our experimental work, as presented in the Examples below, has shown that YSZ-supported active 
metal catalysts are much more active towards pollutants of CO, H 2 , NO x and hydrocarbons removal than 
those catalysts having active metal support on 7 -alumina alone. This superior activity of YSZ-supportec 

45 catalysts can be realized even at low loading of the active metals on the support material. In the 
experiments, yttria-stabilized-zirconia (YSZ) powder having 45 m 2 /gm surface area and containing 12 wt.°/« 
yttria (Y2O3), and -y-alumina having 90 m 2 /gm surface area were used as support materials. Both the YS2 
and 7-alumina supports were deposited with the active metals platinum (Pt) and rhodium (Rh) by usua 
impregnation procedures using aqueous solutions of hydrochloroplatinic acid and rhodium chloride. The 

so metal impregnated supports were then dried, treated with hydrogen and calcined. 

Reaction kinetic experiments were conducted with these prepared catalysts samples in a smal 
continuous flow reactor at reaction temperatures of 425 *C, 400 "C and 300 # C using a gas mixtun 
simulating automobile exhaust gases, containing 2 V% CO, 0.7 V% H2, 10 V% CO2, 0.2 V% NO, 0.1 V p >l 
propylene hydrocarbon, 2.5 V% H 2 0, and the remainder being nitrogen. 

55 
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EXAMPLE 1 



rTJT >°" m "" U ' e "°" ra,e W * 8 200 """i" < te "WCNOTOMC LounTa 

,ne to "°" in9 Tabte — HC ~ ™ ~ 
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Table 1 
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25 



35 



40 



45 





Catalyst 


No. 5 


No. 11 


Support Material 
Reaction Temp., * C 
CO Conversion, V% 
H 2 Conversion, V% 
NO Conversion, V% 
HC Conversion, V% 


7-alumina 
425 

28.1 

41.9 

92 
>90 


YSZ 

425 
93.5 

100 
>95 
>90 



It is noted that the percent conversion of CO H? and NO at 4s>r • r * 
EXAMPLE 2 



H«J2? a !« yStS #1 f" d #? USed in these experiments had 0.1 wt. % platinum (Pt) and Rh/Pt ratio of nn* 



Table 2 





Catalyst 


No. 1 


No. 7 


Support Material 
Reaction Temp., * C 
CO Conversion, V% 
H 2 conversion, V% 
NO Conversion, V% 
HC Conversion, V% 


^-alumina 
400 
0 
36.1 
84.3 
>90 


YSZ 

400 
56.6 
72.3 

>95 

>90 



How raTeoMOo'm^l^r 0 ?, ° f C °' * N ° * 4 °°' C reaction temperature and the lower gas 

SnveXon ex^edTS, Zil^SlSTT f YSZ " Sup P° rted cata| V^ No. 7, and the hydrocarbon 
uunversion exceeded 90 V% for each catalyst and its support material. 

50 EXAMPLE 3 

reachon temperature was reduced to 300 • C. Results are presented in the following Table 3. 
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Table 3 





Catalyst 


No. 5 


No. 11 


Support Material 


7-alumina 


YSZ 


Reaction Temp., *C 


300 


300 


CO Conversion, V% 


16.6 


98.8 


H 2 Conversion, V% 


42.9 


100 


HC Conversion, V% 


0 


100 



It is again seen that the conversion of CO, H 2 and hydrocarbons is significantly greater for the catalyst No. 
1 1 having YSZ-support than for the catalyst No. 5 having 7-alumina support, 
rs Thus, the above Examples 1-3 demonstrate that YSZ-supported catalysts are far superior to -/-alumina 
supported catalysts containing the same amount of active metals in terms of conversion of gas emission 
pollutants CO, H 2| NO and hydrocarbons. The superiority of YSZ-supported catalysts is evident even at low 
loading of active metals of 0.02 wt.% platinum (Pt) on the support, and at low reaction temperatures of 
300 • C. 

20 Attention will now be directed to a further aspect of the invention which is concerned with an improved 
three-way precious metal catalyst arising from a further development of the invention. It pertains particularly 
to such catalysts in which the oxygen-ion conducting support material is provided by a composite of an 
oxygen-ion conducting material and an inert support material on which at least two chemically active metals 
are dispersed, for simultaneous oxidation of CO. H 2 and hydrocarbon compounds and reduction of nitrogen 

25 oxides present in gas emissions. A particular application is to fuel combustion gases. The oxygen-ion 
conducting support material can be zirconia stabilized by yttria. calcia. magnesia, or scandia and the inert 
material can be alumina or titania, so as to provide improved thermal stability and increased surface area 
and activity for the catalyst 

As already noted supported metal catalysts are widely used for oxidation and reduction of pollutants 

30 present in exhaust gas emissions from mobile or stationary combustion power generation sources, such as 
automotive exhaust gases or power plant stack gas emissions. One approach to solving this gas emission 
pollutant problem by simultaneous oxidation of carbon monoxide and hydrocarbons and reduction of NO* 
compoundsin exhaust gases is passing such gases through a single bed catalytic converter. Three-way 
catalysts used in such catalytic converters typically consist of platinum (Pt), rhodium (Rh) and sometimes 

35 palladium (Pd) deposited on a conventional 7-alumina (AJ 2 Oa) support material, which may be in either 
pellet or a monolithic form. 

The existing precious metal catalysts used for treatment of automotive exhaust gas emissions typically 
use 7-alumina and sometimes ceria-stabilized and/or lanthanum-oxide-stabilized 7-alumina as a support 
material. The addition of ceria may promote the performance of the catalyst by facilitating a water-gas shift 

40 reaction, by acting as an oxygen storage unit, and by stabilizing the gamma-alumina support against loss oi 
surface area at high temperatures. Also, catalyst support materials used in catalysts for automotive exhaust 
gas emissions treatment can advantageously have an oxygen-ion conducting property, as has been 
disclosed above. We have observed that such catalysts having yttria-stabilized-zirconia (YSZ) supports used 
alone provide desired thermal stability and moderate useful active life for the catalyst. However, to provide 

45 catalysts having an improved substrate or support material particularly for use in automotive catalytic 
converters requiring long active useful life, the support material must have high thermal stability and surface 
area exceeding about 20 m 2 /gm after extended thermal aging or service use, because in automotive service 
the catalysts can be subjected to prolonged temperatures as high as 1000 *C. 

We have now discovered that improved stable catalysts utilizing an oxygen-ion conducting catalyst 

50 support material can be advantageously made using a composite of an oxygen-ion conducting material and 
an inert support material, such as composites of yttria-stabilized-zirconia (YSZ) and at least 40 wt. % inen 
support material such as alumina or titania. Such composite support materials provide for improved 
precious metal catalysts having enhanced pollutant removal capability and high thermal stability, without the 
need for using high percentages of the oxygen-ion conducting support material or active precious metal: 

55 content of the catalyst. These three-way composite catalysts utilizing e.g. Pt/Rh active metals on YSZ-AbO: 
support material are significantly superior to catalysts using Pt/Rh active metals deposited on conventions 
supports such as 7-alumina stabilized with cerium oxide or lanthanum oxide, and provide improved therma 
stability and longer catalyst life. 
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meta^caSsts S£il°l ™ T"*™ 6nab ' eS ° S l ° PfOVide im P roved stab,e th ^-way precious 

ma e ia? an ha* TLJ ° *" 0xy 9 ervion oonducdnQ support material and an inert support 

material, and having small amounts of at least two chemically active precious metals disn^H nn th- 

content should b Tin the range 0^0 0^ 3 0 wtT ^ ^ toW ^ maj ° r and mi ™ ™ tals 

active maior meta! shou.d be Tn th°I range of J To^T ^ ^ ^ ° f "*« B *~ — to 

(YSZ) h a e ndto35 ZT^ZTS ^ by 3 C ° mP ° Site ° f 5 - 60 yttria-stabi.ized-zirconia 

0 """ 9m ** rt ">«"""P»»~". in the range between 0.01/1 end 

^*2rrL"^£rns£ its tssrr is ,hai whaa oxw "- ion cOTdu * 9 

usin 9 , mto^rp'icXe P Pa " n9 8 ^^"^-—.umin, compos*, powde, 

YSZ Ain ™™1 , * he concentrat, o" °* the yttria-stabilized zirconia (YSZ) on the 

YSZ-AfeOa composite support material should be 5-60 wt% and is oreterahiv irwi J,"/ J «T 
The concentration of alumina (AfeOa, in the composite supper! ^houW £ ^ « ^ 

The active metals platinum, palladium, rhodium and ruthenium can be deposited on the r™ m * 
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High surface area composite support material of yttria-stabilized-zirconia and -/-alumina can be 
prepared either by a sol-gel technique using alkoxides of the elements, or by a microemulsion technique 
using aqueous solutions of yttrium, zirconium, aluminum and ammonium salts which are described below. 
Because of utilizing a composite of an oxygen-ion conducting material and an inert material as.support 

5 for improved three-way precious metal catalysts according to this invention, the resulting catalyst is much 
more thermally stable and active towards simultaneous oxidation of CO, H 2 and hydrocarbons, and 
reduction of NO x than known catalysts having supports of conventional support materials, such as ceria and 
lanthanum oxide stabilized alumina alone. This new more stable catalyst advantageously achieves a 
substantially higher level of pollutants removal from fuel combustion gases such as from automotive 

10 exhaust gases, or from stationary combustion sources, without requiring an undesirable increase in the 
concentration or loading of precious active metals on the catalyst support material. Because of good 
thermal stability and high surface area for the composite support of oxygen-ion conducting material and 
insert material, superior catalytic activity can be maintained for longer useful life than for catalysts using 
YS2 support alone. 

75 This new improved catalyst is advantageous for removal of known pollutants from exhaust gases from 
various fuel combustion processes, such as gas emissions and pollutants from internal combustion engines, 
including gasoline and diesel automotive engines and gas turbines. Such gas pollutants also occur from 
stationary fuel combustion in power plants and from waste material incineration installations, and catalytic 
combustion of chemical effluents. Catalytic action using this catalyst on fuel combustion exhaust gases 

20 results in converting pollutant compounds to essentially non-polluting C0 2 . N 2 and water vapor. 

Catalyst Substrate Preparation Methods: There will be described methods for preparation of Y 2 0 3 - 
stabilized - Zr0 2 -AI 2 C>3 composite powders by a sol-gel technique or a microemulsion procedure. For the 
sol-gel technique, zirconium-butoxide-butanol liquid and solutions of aluminum isopropoxide and yttrium 
isopropoxide in toluene are mixed thoroughly by a stirrer in excess anhydrous alcohol such as anhydrous 

25 ethanol at room temperature (20 *C) for 1-3 hours. The concentration of salts in the resulting solution should 
be ^ 5 wt.%. The solution is heated to 30-1 00 °C and preferably to about 40 'C, while a flow of water- 
saturated air is maintained above the stirred solution to supply reactant water for hydrolysis reactions to 
form composite particles in suspension. Water can be added at a very low rate by some other means. After 
10-24 hours, small amounts of deionized water is added to the stirred solution periodically e.g. every three 

30 hours to maintain a low concentration of water to complete hydrolysis reactions. After a total run of 30 to 60 
hours, the operation is stopped, the slurry is evaporated at moderate temperature, and the resulting powdei 
is dried at 1 50-200 °C for 1-3 hours. The dried powder is then calcined in air at 500 *C for 1-4 hours and al 
950 °C for 1-3 hours. The resulting yttria-zirconia-alumina composite powders have composition of 0.5-15 
wt.% Y 2 0 3 , 4.5-45 wt.% ZrCb, and 40-95 wt.% AI2O3, and have high surface area exceeding 40 m 2 /gm and 

35 usually 100-600 m 2 /gm, and have uniform composition and sufficient thermal stability for an effective 
catalyst material. 

Alternatively, the composite support material powder can be prepared by using a microemulsion 
procedure, for producing high surface area yttria-stabilized-zirconia-alumina composite catalyst support. In 
this procedure, appropriate amounts of yttrium chloride, zirconium oxychloride and aluminum chloride art 

40 dissolved in distilled water to yield 10 to 20 wt.% salt in solution. Next, xylene and a surfactant such ai 
Triton x-100 is mixed with this aqueous solution by stirring until clear, so that the salt solu 
tion:xylene:surfactant in the weight ratio of 1:2:2 form a microemulsion. Then, 3 mole percent ammoniurr 
hydroxide solution, xylene and the surfactant are mixed by stirring until clear, so that the ammoniurr 
hydroxide:xylene:surfactant in the weight ratio of 1:3.5:3.5 form a microemulsion. 

45 The salt microemulsion is mixed by stirring with basic microemulsion in weight ratio of about 2:1, ir 
order to form very fine precipitates of composites of Y 2 0 3 -Zr0 2 -AI 2 03. The mixed slurry is distilled tc 
remove xylene and water, so that the product settles as a precipitate to the bottom of the vessel, with the 
surfactant on top. The surfactant is separated from the precipitate. The precipitate is vacuum filtered anc 
washed with xylene and water. The resulting composite powder is dried at 100-200 'C temperature for 2 t( 

50 4 hours, and then calcined at 500*C-1000*C for 1-4 hours to produce a composite support material havinj 
high thermal stability and surface area of at least 20 m 2 /gm. 

This composite powder support material prepared by either the sol-gel or the microemulsion method is 
then impregnated with at least two active precious metals including a major metal platinum or palladium an 
a minor metal rhodium or ruthenium, to produce a three-way catalyst utilizing a composite oxygen-ia 

55 conducting support material. 

The practice of the further aspect of the invention will be further described referring to the following 
Examples, which should not be construed as limiting in scope. 
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High surface area composite support material of yttria-stabilized-zirconia and 7-alumina can be 
prepared either by a sol-gel technique using alkoxides.of the elements, or by a microemulsion technique 
using aqueous solutions of yttrium, zirconium, aluminum and ammonium salts which are described below. 
Because of utilizing a composite of an oxygen-ion conducting material and an inert material as. support 

5 for improved three-way precious metal catalysts according to this invention, the resulting catalyst is much 
more thermally stable and active towards simultaneous oxidation of CO, H 2 and hydrocarbons, and 
reduction of N0 X than known catalysts having supports of conventional support materials, such as ceria and 
lanthanum oxide stabilized alumina alone. This new more stable catalyst advantageously achieves a 
substantially higher level of pollutants removal from fuel combustion gases such as from automotive 

10 exhaust gases, or from stationary combustion sources, without requiring an undesirable increase in the 
concentration or loading of precious active metals on the catalyst support material. Because of good 
thermal stability and high surface area for the composite support of oxygen-ion conducting material and 
insert material, superior catalytic activity can be maintained for longer useful life than for catalysts using 
YSZ support alone. 

75 This new improved catalyst is advantageous for removal of known pollutants from exhaust gases from 
various fuel combustion processes, such as gas emissions and pollutants from internal combustion engines, 
including gasoline and diesel automotive engines and gas turbines. Such gas pollutants also occur from 
stationary fuel combustion in power plants and from waste material incineration installations, and catalytic 
combustion of chemical effluents. Catalytic action using this catalyst on fuel combustion exhaust gases 

20 results in converting pollutant compounds to essentially non-polluting CO2, N 2 and water vapor. 

Catalyst Substrate Preparation Methods: There will be described methods for preparation of Y 2 0 3 - 
stabilized - Zr02-AI 2 0 3 composite powders by a sol-gel technique or a microemulsion procedure. For the 
sol-gel technique, zirconium-butoxide-butanol liquid and solutions of aluminum isopropoxide and yttrium 
isopropoxide in toluene are mixed thoroughly by a stirrer in excess anhydrous alcohol such as anhydrous 

25 ethanol at room temperature (20* C) for 1-3 hours. The concentration of salts in the resulting solution should 
be S 5 wt.%. The solution is heated to 30-1 00 *C and preferably to about 40 - C, while a flow of water- 
saturated air is maintained above the stirred solution to supply reactant water for hydrolysis reactions to 
form composite particles in suspension. Water can be added at a very low rate by some other means. After 
10-24 hours, small amounts of deionized water is added to the stirred solution periodically e.g. every three 

30 hours to maintain a low concentration of water to complete hydrolysis reactions. After a total run of 30 to 60 
hours, the operation is stopped, the slurry T is evaporated at moderate temperature, and the resulting powder 
is dried at 1 50-200 °C for 1-3 hours. The dried powder . is then calcined in air at 500 °C for 1-4 hours and at 
950 °C for 1-3 hours. The resulting yttria-zirconia-alumina composite powders have composition of 0.5-15 
wt.% Y2O3, 4.5-45 wt.% Zr02, and 40-95 wt.% AI2O3, and have high surface area exceeding 40 m 2 /gm and 

35 usually 100-600 m 2 /gm, and have uniform composition and sufficient thermal stability for an effective 
catalyst material. 

Alternatively, the composite support material powder can be prepared by using a microemulsion 
procedure, for producing high surface area yttria-stabilized-zirconia-alumina composite catalyst support. In 
this procedure, appropriate amounts of yttrium chloride, zirconium oxychloride and aluminum chloride are 

40 dissolved in distilled water to yield 10 to 20 wt.% salt in solution. Next, xylene and a surfactant such as 
Triton x-100 is mixed with this aqueous solution by stirring until clear, so that the salt solu- 
tion:xylene:surfactant in the weight ratio of 1 :2:2 form a microemulsion. Then, 3 mole percent ammonium 
hydroxide solution, xylene and the surfactant are mixed by stirring until clear, so that the ammonium 
hydroxide:xylene:surfactant in the weight ratio of 1:3.5:3.5 form a microemulsion. 

45 The salt microemulsion is mixed by stirring with basic microemulsion in weight ratio of about 2:1, in 
order to form very fine precipitates of composites of Y 2 03-Zr02-Al2C>3. The mixed slurry is distilled to 
remove xylene and water, so that the product settles as a precipitate to the bottom of the vessel, with the 
surfactant on top. The surfactant is separated from the precipitate. The precipitate is vacuum filtered and 
washed with xylene and water. The resulting composite powder is dried at 1 00-200 *C temperature for 2 to 

50 4 hours, and then calcined at 500*C-1000'C for 1-4 hours to produce a composite support material having 
high thermal stability and surface area of at least 20 m 2 /gm. 

This composite powder support material prepared by either the sol-gel or the microemulsion method is 
then impregnated with at least two active precious metals including a major metal platinum or palladium and 
a minor metal rhodium or ruthenium, to produce a three-way catalyst utilizing a composite oxygen-ion 

55 conducting support material. 

The practice of the further aspect of the invention will be further described referring to the following 
Examples, which should not be construed as limiting in scope. 
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EXAMPLE 4 

Tests were made to determine thermal stability of the comnositft y<*7 Am o 
composite powders wer« *rtifir^iiw *u . " composite YSZ-AI2O3 support powders. The 

enhanced thermal stability of the catalyst support sWtuTe * " P * 2 °° ™ /Qm and pr ° ve the 

encountered by ca^sln aSua^oZiSe «T "2° * " Cata ' yStS t0 mimic the conditio " s 

commercially LSaWe yUia^S Hzed^oL US °" ^ 8 ° f ■ boul 100 ' 000 mi,es or ™ e A 
thermally ag^g at 1000^Tn T£?o ho !T M on 2irconia a «*' 

low for an Active au^moL e^uft ^Ta ySZ^^I^ iS **> 

significantly .mp^T ,££2^^ **' — - •** thus indicaung 
EXAMPLE 5 * 

to simulate artificial aqina treatment *ftAr ^nnnn " • seated at 1000 C for four hours in air 

TABLE 4 



Composite Support 


Surface Area of Treated Powder, m 2 /qm 


YSZ-75 mole% Al 2 0 3 
YSZ-45 mole% Al 2 0 3 
YSZ-25 mole% Al 2 0 3 


183 
110 

43.5 



EXAMPLE 6 

and designated itcJiSJTi 5 7 ? * SUPPOrt made 3CCOrdin 9 to this inven «°" 

Pt«WSZ-AbO,.,e S p e c6S, ^ d **' "W* <CM4T> containing 
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TABLE 5 



Test Results for Commercial Catalyst WGIT 


Inlet Gas Temp. # C 


Oxygen Cone* 


CO Con v., V% 


NO Conv., V% 


HC" Conv., V% 


H 2 Conv., V% 


230 


Ab. st. 


0.0 


0.0 


0.0 


0.0 


260 


Ab. st. 


6.0 


20 


6.0 


11 


290 


Ab. st. 


92 


100 


95 


100 


320 


St. 


97 


100 


100 


100 


320 


Ab. st. 


98.5 


55 


100 


100 



* St. = Stoichiometric Ab. st. = Above stoichiometric 
" HC = Propylene. 



These results in Table 5 show that gas pollutant conversion reactions commence at about 260 *C gas 
temperature and are substantially complete at 320 • C 



TABLE 6 



Test Results for Composite Catalyst CM4T 


Inlet Gas Temp. • C 


Oxygen Cone." 


CO Conv., V% 


NO Conv., V% 


HC" Conv., V% 


H 2 Conv., V% 


160 


St. 


0.0 


0.0 


0.0 


0.0 : 


170 


At. st. 


1.0 


18 


1.0 


7 


203 


Ab. st. 


79 


98 


71 


100 'L 


223 


Ab. st. 


99 


98 


100 


100 


265 


Ab. st. 


99 


100 


100 


100 



* St. = Stoichiometric Ab. st. = Above stoichiometric 
"HC = Propylene. 



Results in Table 6 show that gas pollutant conversion reactions start at lower temperatures of about 
170*C gas temperature and are substantially complete at 223 *C temperature. 

Comparison of these test results in Tables 5 and 6 show that for the catalyst CM4T utilizing a 
composite support according to this invention, conversions start and are completed at gas temperatures at 
least about 80 # C lower than those for the commercial WGIT catalyst. Thus, it is considered that the 
composite PT/Rh/YSZ-AI 2 03 catalyst outperforms a similar commercial catalyst using conventional support 
by a significant margin, as equivalent conversions of pollutants are achieved at much lower reaction 
temperatures. 

Claims 

1- A three-way supported precious metal catalyst for treatment of gas emissions from mobile or stationary 
sources, the catalyst comprising: an oxygen-ion conducting support material provided by a composite 
of zirconia stabilized by addition of yttria, calcia, magnesia or scandia, and including at least about 40 
wt.% inert catalyst support material, said composite support material having surface area at least about 
20 m 2 /gm after thermal aging in air at 1000 *C for four hours; and at least two active metals consisting 
of a major metal platinum (Pt), palladium (Pd), or a combination thereof, combined with a minor metal 
consisting of rhodium (Rd), ruthenium (Ru), or a combination thereol, all dispersed on said composite 
support material in total active metals content between about 0.01 and 3.0 wt.% of the catalyst. 

2. The catalyst of Claim 1, wherein the amount of zirconia (ZrCfe) in the composite support material is 4.5- 
45 wt.% of the support. 

3- The catalyst of Claim 1, wherein the amount of yttria (Y2O3) in the composite support material is in the 
range of 0.5-15 wt.% of the support. 
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20 



25 



6- The catalyst of Claim 5 h 

<**> ,„ „ ^ te ':^ n is^ix^f :r„,r - *° — - *~ 

m 7 tu ° of the support 

70 7. The catalyst of Claim 1 h 

»» solution; ^ll.sw-w^^J^ 
(c) hoating ths mixed solution w 25.,nn.r ** " 

i^52S^3S~:»«*: h0U,S *> — " — r tor n y<Mya , 

sees rrCs^^^^" " ta co — - - - * 



40 



45 
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17. A method for preparing high surface area yttria-stabilized-zirconia-alumina composite powder using a 
microemulsion procedure, comprising: 

(a) dissolving desired stoichiometric amounts of yttrium chloride, zirconium oxychloride and alu- 
minum chloride in distilled water to form a salt solution; 
5 (b) mixing said salt solution with appropriate amounts of a hydrocarbon solvent, and a surfactant to 

form a microemulsion; 

(c) mixing together a hydrocarbon solvent, a surfactant and concentrated ammonium hydroxide 
solutions to form a basic microemulsion; 

(d) mixing the salt microemulsion from step (b) and basic microemulsion from step (c) to yield a 
io precipitate; and 

(e) separating the precipitate from the liquid, then drying and calcining the precipitate to yield a 
YSZ-AI2O3 composite powder having high surface area exceeding 40 m 2 /gm after thermal aging in 
air at 1 000 • C for 4 hours. 

75 18. The method of Claim 17, including impregnating the calcined composite powder with active metal 
platinum and rhodium for a total active metals content in the range of 0.01-3.0 wt.% total active metals 
and having rhodium/platinum weight ratio in the range of 0.01/1 to 0.5/1. 

19. The method of Claim 17, including impregnating the calcined composite powder with active metals 
20 palladium and rhodium for a total active metals content in the range of 0.01-3.0 wt.% of the catalyst 

and having a rhodium/palladium weight ratio of 0.01-0.5/1. 

20. A three-way supported catalyst for treatment of gas emissions from mobile or stationary sources, 
comprising, an oxygen-ion conducting support material having surface area at least about 20im 2 /gm, 

25 and two active metals selected from the group consisting of (i) platinum and rhodium and (ii) palladium 
and rhodium dispersed on the support material in overall amount of 0.01-2.2 wt.% of the catalyst. 

21- The catalyst of Claim 20, wherein the oxygen-ion conducting support material is yttria-stabilized- 
zirconia (YSZ). 

30 

22. The catalyst of Claim 21, wherein the percentage of yttria on zirconia is in the range of 1 to 50 wt.% ol 
the support material. 

23. The catalyst of Claim 21 , wherein the percentage of yttria on zirconia is in the range of 6-20 wt.% ol 
35 the support material. 

24. The catalyst of Claim 20, wherein the support material is a high surface area catalyst support materia 1 
coated with at least 0.1 wt.% yttria-stabilized-zirconia (YSZ). 

40 25. The catalyst of Claim 24, wherein the percentage of yttria-stabilized-zirconia (YSZ) on the suppon 
material ranges from 5 to 80 wt.% of the support material. 

26. The catalyst of Claim 20, wherein the concentration of the active metals platinum (Pt) or palladium (Pdj 
is in the range of 0.01 to 2 wt.% of the catalyst, and Rh/Pt or Rh/Pd weight ratio is in the range of 0.01 

45 to 0.1. 

27. The catalyst of Claim 20, wherein cerium oxide or lanthanum oxide is added to the support material t( 
act as a stabilizer material. 

so 28. The catalyst of Claim 20, wherein the support material has a surface area of 40-300 m 2 /gm. 

29. A three-way supported catalyst for treatment of gas emissions from mobile or stationary source! 
comprising an oxygen-ion conducting support material composed of yttria-stabilized-zirconia (YSZ) an( 
having surface area at least 20 m 2 /gm, and two active metals selected from the group consisting of (i 
55 platinum and rhodium and (ii) palladium and rhodium dispersed on the support material in overal 

amount of 0.01 to 2.2 wt.% of the catalyst. 
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